Plasma membrane-enriched preparations from scrapie-infected and healthy hamster brains, as well as preparations of neural retina, were sonicated, then separated by ratezonal sedimentation in 10 to 25~ Nycodenz ® gradients. Gradient fractions were extracted with 0-5~ Triton X-100 and re-fractionated by equilibrium density centrifugation in linear 25 to 40 ~o CsC1 gradients. Infectivity was highest in a fraction having a density of 1-280 g/ml and which contained a visible band of material.
INTRODUCTION
The purification of scrapie infectivity remains the single greatest obstacle in studying the physicochemical properties of this unusual neuropathic agent. In hamster brain (Semancik et al., 1976) , as in mouse brain (MiUson et al., 1971) , infectivity is associated principally with membrane-containing subcellular fractions. Treatments that disrupt membrane integrity (e.g. organic solvents or high concentrations of ionic detergents) also reduce infectivity (Millson et al., 1976) , suggesting that some degree of membrane structure, or boundary lipid, is essential. The following purification scheme attempts to take into consideration this necessity for maintaining integral membrane relationships while producing a subcellular fraction with high infectivity and low protein content.
METHODS

Agent and bioassay.
These studies used a source of scrapie serially passaged in outbred hamsters after adaptation from the Chandler strain of mouse scrapie as previously described (Kimberlin & Marsh, 1975) . Infectivity was quantified by incubation interval assay (Prusiner et al., 1981) after intracerebral inoculation into weanling male outbred hamsters purchased from Harlan Sprague Dawley Inc. (Indianapolis, Ind., U.S.A.).
Brain tissue. Male hamsters showing endstage clinical signs of scrapie, or healthy age-matched 12-week-old controls, were killed with chloroform and their brains removed aseptically. Brains were ground in a Ten Broeck glass grinder to a concentration of 10~o (w/v) using homogenization buffer (HB) composed of 50 mM-Tris, 100 miNaC1, and 1 mM-dithiothreitol adjusted to a pH of 7.8 using glacial acetic acid. Ten percent suspensions were centrifuged at 1500 rev/min at 4 °C for 10 min and the pellets discarded. Supernatants were centrifuged at 5000 rev/min at 4 °C for 30 min and the plasma membrane-enriched pellet (Semancik et al., 1976) resuspended to 10~ (w/v) in HB containing 10 mM-EGTA and 2 mM-EDTA. The supernatants from the 5000 rev/min run were centrifuged at 13000 rev/min at 4°C for 60 min in a Beckman SW27 rotor and the mitochondrial pellets resuspended similarly to the plasma membrane-enriched pellets. These resuspended pellets were vortexed for 1 min then placed at 4 °C overnight after which they were re-vortexed, sonicated for 2 min with an Ultrasonics model W-10 Sonicator ® and fractionated on 9 ml 10 to 25~ linear Nycodenz ® (Accurate Chemical Corp.) gradients centrifuged at 35000 rev/min at 4 °C for 90 min in a Beckman SW41 rotor. Three ml of these sonicated preparations, representing material from approximately three brains per tube for the plasma membrane-enriched R. pellets and five brains per tube for the mitochondria, were applied to each gradient. This protocol is summarized in Fig. 1 . Retinal tissue. Eyes were removed from healthy or scrapie-affected hamsters killed with chloroform, and placed at 4 °C for 3 to 4 h. Neural retinas were removed by dissection under full light and frozen at -20 °C for 1 to 6 weeks before processing. Twenty percent (w/v) retinal suspensions were produced by triturating the frozen tissues with HB, then diluting 1 : 2 with the same buffer containing 50~ sucrose and vortexing for 1 rain. These mixtures were centrifuged at 2200 rev/min at 4 °C for 10 min and the pellets discarded. Supernatants were diluted 1 : 1 with HB containing no sucrose and centrifuged at 12000 rev/min at 4 °C for 30 min in a Beckman SW27 rotor. The pellets were resuspended to 10~ (w/v) in HB containing 10 mM-EGTA, 2 mM-EDTA and subsequently treated identically to the plasma membrane-enriched and mitochondrial pellets from brain. The protocol is summarized in Fig. 2 . Each 3 ml of retinal suspension fractionated per gradient represented material from approximately 90 scrapie-infected (average weight per retina 8 mg) and 60 healthy (average weight 12 mg) retinas.
Fractionation of gradients. Fractions from the Nycodenz gradients were collected from the top of the tube using glass pipettes. CsCI gradients were fractionated by puncturing the bottom of the tube under controlled atmospheric conditions and collecting serial 1 ml fractions. Densities were measured by weight. All gradient fractions were dialysed at 4°C overnight against HB. Some fractions were re-dialysed against water before concentrating in a Savant Speed Vac Concentrator ®.
CsCI gradients. Dialysed fractions from the Nycodenz gradients were re-sonicated, then extracted with 0.5~ Triton X-100 at 4 °C for 30 min. Detergent-treated preparations were clarified by centrifuging at 10000 rev/min at 4 °C for 30 min in a Beckman SW50.1 rotor and 4 ml of supernatant carefully layered onto a gradient made up of I ml of 10% sucrose overlying 7 ml of linear 25 to 40~ CsCI in a Beckman Ultra-Clear ® tube, no. 344059. These gradients were centrifuged in a Beckman SW41 rotor at 35000 rev/min for 16 h at 4 °C.
Some Nycodenz fractions were digested with 50 gg/ml proteinase K for 30 min at room temperature before detergent extraction and CsC1 fractionation.
Electron microscopic examination. Dialysed fractions from the Nycodenz gradients were diluted with 1 vol. I~o phosphotungstic acid in 1 mM-phosphate buffer, then examined with a Philips 310 transmission electron microscope.
Nucleic acid, lipid and carbohydrate measurements. DNA and RNA were quantified by the methods of Burton (1956) and Munro & Fleck (1966) , respectively. Total lipids were extracted by the method of Bligh & Dryer (1959) and quantified by weight and by colorimetric determination of lipid phosphate as described by Bartlett (1959) . Carbohydrates were measured by the method of Dubois et al. (1956) using glucose as the standard.
Protein analysis. Protein concentrations were determined by the dye binding method of Bradford (1976) . Samples for protein gel electrophoresis were heated to 100 °C for 5 min in 0.3 M-Tris-HCI pH 6.8, 1 ~ SDS, 3 M-urea, 0-5~ 2-mercaptoethanol and 1 mM-EDTA then separated in 16~o discontinuous polyacrylamide gels run according to the method of Laemmli (1970) . Gels were silver-stained using the method of Wray et al. (1981) after soaking for 24 h in 50~ methanol, then in water for 2 h followed by 50~o methanol for 1.5 h. Samples were 1251-labelled using the method of Greenwood et al. (1963) , then separated by gel electrophoresis as described above, dried on a Bio-Rad model 224 Gel Slab Dryer, and radiographs prepared by exposing Kodak XAR-5 film to the gels at -80 °C in the presence of a Cronex ® lightning-plus intensifying screen (DuPont).
RESULTS
Nycodenz gradients
After centrifugation, the Nycodenz gradients of the sonicated plasma membrane-enriched pellets contained five distinct zones which were designated A, B, C, D and E. Fraction A was clear and occupied the 3 ml sample zone. Fractions B and C were individual bands appearing in the top third of the tube and which had a globular consistency suggestive of a high lipid content. Fraction D occupied the largest area of the tube (5 ml) and appeared uniformly opalescent. Fraction E was yellow in colour and was composed of material that pelleted through the gradient as we!l as similar material lying immediately above the pellet. The protein content and infectivity of each of these fractions is presented in Fig. 3 .
The mitochondrial gradients contained the same five fractions as those from the plasma membrane-enriched pellets, each having infectivities comparable to those in Fig. 3 . The gradients of the sonicated retinal pellets also contained five fractions with infectivities and gross appearance similar to the other gradients, with the exception that fraction E was black in colour. No differences were seen between gradients from healthy or scrapie-infected preparations.
Ultrastructure and ves&le orientation
Examination of negatively stained preparations from fraction D of the Nycodenz gradients of the plasma membrane-enriched pellets revealed that they contained an abundance of large (300 to 400 nm diam.) membrane vesicles which were relatively free of associated unsealed membrane fragments. No ultrastructural differences were detected between the appearance of vesicles originating from healthy or scrapie-infected fractions.
Vesicle orientation as determined by protein assays after binding of right side out vesicles to Sepharose-bound lectin showed that 37.5(__+1.3)~ of the vesicles from scrapie-infected membranes were oriented inside out, as compared to 44.2(+ 1.9)~ inside out vesicles from healthy membranes. The percentage of vesicles oriented inside out was not significantly different between healthy and scrapie preparations after arcsine data transform and Student's t analysis (P = 0.842 where to.ot,~2),5).
Lipid, nucleic acid and carbohydrate content
Analysis of fraction D from gradients of plasma membrane-enriched pellets resulted in determination of phospholipid to protein ratios of 0.358 + 0-003 for scrapie and 0.427 +__ 0.020 for healthy samples. Preliminary analysis of neutral lipids have revealed no outstanding qualitative or quantitative differences between healthy or scrapie fractions. Total carbohydrate to protein ratios were 0.404 ___ 0.008 for scrapie and 0.410 ___ 0-024 for healthy samples. The nucleic acid content of these fractions was 35 ~tg/ml for RNA and 15 ~tg/ml for DNA. These findings varied somewhat between experiments fractionating different preparations of plasma membrane-enriched pellets, but these values remained relative and no consistent differences were detected between healthy and scrapie fractions. Fig. 4 shows the infectivities and protein concentrations of detergent-extracted brain and retina fraction D preparations separated by equilibrium density centrifugation in linear CsC1 gradients. The results are similar with the exception that retinal extracts consistently yielded higher levels of infectivity lower in the gradients than brain extracts. Gradients using samples from either tissue contained a visible band of material which fractionated at a density of 1.280 g/ml in samples not treated with proteinase K before extraction, and at a density of 1.235 g/m1 if pre-digested. Digestion of Nycodenz fraction D with proteinase K produced no detectable loss in titre before detergent extraction, and had little effect on the distribution of infectivity in the gradients. This procedure was found to reduce the amount of protein at a density of 1.280 g/ml to less than 1 ~tg/ml while maintaining a high level of infectivity (see Table 1 ).
CsCl gradients
Protein characterization
Proteins from all fractions of the Nycodenz and CsC1 gradients were characterized by silver staining of 16% polyacrylamide gels. No consistent differences were seen between healthy or scrapie gradient fractions of plasma membrane, mitochondria or retinal preparations. The fraction (1.280 g/ml) from the proteinase K treatment gradient that had the highest scrapie activity per ~tg of protein (/> 107.8 LDs0/Ixg) revealed no silver-staining proteins even after 40-fold concentration. When this same sample was labelled with t25I, a single band of protein(s) with a molecular weight near 30000 was detectable in both healthy and scrapie preparations of brain plasma membrane and retina (Fig. 5) . Neither of these single bands in samples of healthy or scrapie plasma membrane were digested by treatment with 100 ~tg/ml proteinase K at 37 °C for 3 h in the presence of 0.1% SDS. Both bands were completely hydrolysed by treatment with 100 ~tg/ml proteinase K at room temperature for 30 min then heating to 100 °C for 2 rain in the presence of 1 ~o SDS, 0.5 ~ 2-mercaptoethanol and 3 M-urea. Table 1 summarizes the purification of scrapie infectivity relative to protein concentration in the various density gradient fractions. Other published methods for purification of scrapie infectivity require large quantities of brain tissue which are then treated with high concentrations of numerous detergents and enzymes before yielding a sample for characterization (Prusiner et al., 1982) . The methods described herein use small amounts of tissue which are extracted under mild conditions in order to preserve native membrane relationships and attempt to avoid harsh chemical treatments and repeated pelleting which are likely to produce artificial preparations of detergent-and enzyme-resistant aggregates of infectivity bearing little resemblance to the form of the transmissible agent in situ.
DISCUSSION
Our initial procedure of preparative centrifugation of a sonicated plasma membrane-enriched preparation allows for the selection of a sample of membrane composed predominantly of large vesicles with most peripheral proteins removed by EGTA. Studies have shown that iodinated density gradient media, like Nycodenz, provide better closure of membrane vesicles and separation of sealed vesicles from unsealed fragments than non-iodinated media such as sucrose (Jorgensen, 1982) . With an agent as ubiquitous in cellular distribution as scrapie, it is important to define as precisely as possible the subcellular fraction from which further characterizations are based. Our studies clearly begin with a membrane vesicle fraction, a preparation which we believe represents a major tissue association for the agent based on previous investigations.
The use of a preparation enriched in membrane vesicles allows for more effective use of detergents at concentrations which are less likely to disrupt protein-lipid associations. After treatment with detergent, the bilipid structure of the vesicles is altered, producing proteosomes in which some of the phospholipid has been replaced by detergent. At this point, estimates on the efficiency of recovery of infectivity are compromised by the bioassay. There is evidence to suggest that detergent treatment of scrapie infectivity somehow alters agent-host interactions, resulting in longer incubation periods than preparations of non-detergent-extracted samples containing the same titre when calculated by methods of endpoint dilution (Lax et al., 1983 ). Since we measured titres by the length of the incubation period in animals inoculated with dialysed gradient fractions, it is possible that the titres of our CsCI fractions underestimate the actual amount of the agent present by 10-fold.
The results of the CsC1 fractionation of the detergent-extracted samples indicate that infectivity does not behave as would be expected of a free protein, lipid, nucleic acid or nucleoprotein. Recovery of high levels of infectivity at a density of 1.280 g/ml suggests that a complex of macromolecules are required. An analogy can be drawn with certain membrane enzyme complexes, such as ATPase, which require integral and peripheral proteins, as well as boundary lipids, for their function. However, in the case of a self-replicating agent like scrapie, we cannot overlook the likely requirement for an essential nucleic acid in this complex.
Treatment of the Nycodenz fraction D with proteinase K before detergent extraction did not substantially reduce the titre of the 1.280 g/ml fractions from the CsCI gradients, but did reduce the protein concentration from 376 ~tg/ml to less than 1 ~tg/ml. When labelled with 12sI after 40-fold concentration, only a single band of protein(s) was detectable. The detection of a band of protein at a molecular weight near 30000 has been reported previously in all purified preparations from scrapie brain and, occasionally, from samples of healthy brain . This latter study further reported that, when this band of protein was present in healthy brain preparations, it could be distinguished from the band of protein in scrapie brain by the finding that the healthy band could be digested by proteinase K under non-denaturing conditions whereas the scrapie band was resistant. In our study, we were always able to detect similar proteins in healthy preparations and could find no differences in the susceptibility of proteins from scrapie or healthy preparations to treatment with proteinase K.
Further studies are necessary to define clearly the role these 30000 mol. wt. proteins play in scrapie infectivity. Can differences between healthy and scrapie proteins be detected by twodimensional gel electrophoresis? If so, has the scrapie protein been modified by the disease process, or does it really represent a scrapie-specific component of the transmissible agent? However, if scrapie infectivity does require a membrane complex, as these studies suggest, then it would be likely that infectivity might co-purify with integral proteins which would serve only as a membrane marker. This study was supported by the College of Agricultural and Life Sciences, University of Wisconsin-Madison, and by a grant (NS 14822) from the National Institutes of Health.
